INTRODUCTION
============

Virtual reality (VR) is a computer-generated simulation of the three-dimensional environment with which one can interact in a seemingly real way \[[@ref1]\]. The current standard VR systems use either VR headsets with head-mounted display (HMD) or multi-projected environments to generate realistic images, sounds and other sensations in a virtual environment. More specifically, VR is a phenomenon in which users are "immersed" in a computer-generated environment via a human-computer interface, wherein the user can naturally "interact" with the virtual features or items \[[@ref1]\]. VR provides rich visual and auditory stimuli, as well as peripheral tactile and olfactory stimuli. These sensations help the users to feel and remember VR in a realistic manner \[[@ref2]\]. The subjective feeling that a user experiences as "being there" is called "presence" \[[@ref3]\]. Although the users are aware that VR is not real, they can be mistaken that the simulations are real instances and feel that they have experienced in reality, the events that have occurred in the VR \[[@ref3],[@ref4]\]. Within the controlled and safe environment of VR, experimenters can manipulate the VR environment as required to test different hypotheses on human behavior. Simultaneously users can repeatedly experience a situation and control the environment themselves \[[@ref5]\]. In addition, with the development of bio-signal recognition technology and big data technology, bio-signal data of VR users, such as head movement, body movement, and heart rate can be collected and analyzed using artificial intelligence algorithms to provide objective data on the behavior and symptoms of the patients in their specific VR states. VR is actively used in gaming, education, and business fields. It is also being used in the medical field, particularly in radiology, preoperative planning, and image-guided surgery, as well as in rehabilitation remedies such as physiotherapy and occupational therapy. Nevertheless, the use of VR in these fields is still in its infancy.

Notably, mental health is a representative field that could utilize VR for the diagnosis and treatment of various mental illnesses. There are many psychological barriers to medication-assisted treatment due to the social stigma associated with mental disorders and the burden of medications. Furthermore, psychotherapy has its limitations, owing to the shortage of counseling professionals and the high cost. Therefore, in these situations, logistics and economics of VR therapy would encourage patients to adopt a VR-based treatment regimen. VR therapy provides a realistic and immersive environment tailored to the individual's needs, and allows for repetitive, consistent, and systematic training. It facilitates objective data measurements, their retrieval, and evaluation. In addition, psychotherapy or training using VR can reduce anxiety in the patients when compared with the traditional treatment methods. These features make VR useful for patients with mental health concerns, who have difficulty interacting with the world.

A study by Rothbaum et al. \[[@ref6]\], reported the effectiveness of VR for treating acrophobia in 1995. Since then, the interest in using VR for psychotherapy has increased. Compared to December 2001, when there were only 739 publications with the keyword "virtual reality" in PubMed \[[@ref7]\], the number of publications increased remarkably to 10,357, by October 2019. In addition, due to the development of information and smartphone technology, the cost of VR equipment reduced from 100,000 dollars in the 1990s, to less than 100 dollars. This costeffectiveness accelerated the development of VR therapy \[[@ref8],[@ref9]\]. In Korea, since the first VR clinic opened in 2005 for patients with schizophrenia, social phobia, and alcohol addiction, many hospitals inclined toward VR-based treatments for patients with dementia, post-traumatic stress disorder (PTSD), and internet gaming disorders (IGD). Particularly, VR-based cognitive behavioral therapy (CBT) for social phobia was recognized as a new medical technology in July 2019, which may further contribute to an increased use of VR in psychotherapy.

This review summarizes the current state of VR therapies for mental disorders through the perusal of the available studies on psychotherapy and VR, and outlines the merits and limitations of VR therapy for each disorder. In addition, this paper discusses future directions of research on VR therapy. We believe that this review would serve as a useful resource for clinicians and mental health practitioners interested in VR therapy.

Anxiety disorders
-----------------

In the context of VR therapy, the most studied area is that of anxiety disorders, and several meta-analyses have reported on the effectiveness of VR intervention on the assessment and treatment of various anxiety disorders \[[@ref10]\]. Traditionally, exposure therapy has been the most effective treatment for anxiety disorders. However, direct exposure to feared people/ situations may exacerbate the patient's anxiety, leading to possible deterrence to treatment or total abandonment of therapy. Moreover, there can be restrictions on the number of times the patient is exposed to the actual source of fear due to their anxiety or phobic symptoms. During VR therapy, patients can experience the virtual anxiety-inducing environment more safely. Additionally, measurements of objective bio-signal data, such as changes in the heart rate and galvanic skin reflex, can be obtained using wearable devices during VR exercise \[[@ref11]\]. In particular, bio-signals related to anxiety can be monitored in real time, and exposure to the anxiety-inducing stimulus can be gradually increased in a more logical way \[[@ref12]\]. Due to these advantages, VR exposure therapy (VRE) is one of the most powerful treatment modalities' that overcome the limitations of conventional therapy. Some examples on the use of VR therapy in each sub-area of anxiety disorders are described below.

Specific phobias (SPs), particularly flight phobia, are among the most studied areas of VR therapy. There was no difference in treatment efficacy between the VRE group and the group exposed to a real airplane. Both the groups showed better treatment outcomes than the control group. Moreover, these treatment effects were sustained up to 6 months after the therapy \[[@ref13]\]. A meta-analysis on aerophobia reported that VRE not only displayed similar results to traditional therapies; but also resulted in better outcomes after treatment and during the follow-up \[[@ref14]\]. In patients with acrophobia, VRE showed a similar therapeutic effect to in vivo exposure therapy and remained effective for approximately 6 months \[[@ref15]\]. In addition, VR treatment for arachnophobia (spider phobia) showed similar effectiveness to in vivo exposure therapy and the effect was maintained for about 3 months \[[@ref16]\]. Research on driving phobia \[[@ref17]\] and claustrophobia \[[@ref18]\] has also been conducted. However, these small-scale studies had limitations in generalizing the effectiveness of VR. VRE is actively used in SPs due to higher patient preferences (76%) and lower treatment rejections (VRE: 3%, in vivo exposure treatment: 27%) \[[@ref19]\].

For patients with social anxiety disorder (SAD), who have difficulty interacting in social situations due to high anxiety, treatment methods include the use of computer-generated scenarios which are created using VR namely, presentations, interviews, and meetings for patients to deliver a speech \[[@ref20]\]. The therapist controls the patient's anxiety by gradually manipulating the number and the reaction of the virtual audience according to the patients' response \[[@ref21]\]. Although there have been limitations in generalizing results due to different sample characteristics, VR environments and tasks, a metaanalysis on VRE treatment for SAD reported a significant therapeutic improvement \[[@ref22]\]. Particularly, CBT training based on VR has been deemed useful.

For patients with panic disorder with agoraphobia (PDA), VRE creates an environment in which patients often experience symptoms (e.g., bus, subway, tunnel, elevator, car driving, airplane, movie theater, and shopping mall), and upon the incidence of panic attacks, the patient is desensitized within a safe VR environment \[[@ref23],[@ref24]\]. In the context of PDA, VRE has been reported to improve symptoms significantly, in the affected individuals \[[@ref10]\]. In the case of obsessive-compulsive disorder (OCD) and generalized anxiety disorder (GAD), the need for VR therapy has been recognized; however, there is scant evidence on the contribution of VR in the mentioned conditions.

Earlier studies on the therapeutic efficacy of VR during anxiety disorders, except OCD and GAD, revealed no significant difference regarding its effectiveness when compared to in vivo therapy. Moreover, the effect of treatment was sustained for either as short as 1 month or, in certain cases, for as long as 12 months \[[@ref25]\]. Alternatively, several studies consistently reported the effectiveness of VRE in reducing anxiety in patients with anxiety disorders \[[@ref26]\].

Post-traumatic stress disorder
------------------------------

It is very difficult to recreate traumatic situations for PTSD patients as it could lead to excessive exacerbation of their anxiety. VRE may be employed in such patients to enable them to re-experience the traumatic situations in a virtual environment, where they would feel safer than in the real trauma situations. PTSD patients reportedly prefer VR therapy \[[@ref27]\]. VR therapy for PTSD is primarily aimed at soldiers who have participated in war (e.g., the Vietnam War or the Iraq war) or survivors of terrorism (e.g., the 9/11 attack). Patients re-experience the traumatic situations in a gaming style \[[@ref28]-[@ref30]\]. VR therapy has been associated with very high satisfaction level when used for patients who have experienced traffic accidents \[[@ref31]\]. A meta-analysis on VR therapy in patients with PTSD reported a significant decrease in PTSD and symptoms of depression post-treatment. The effects of the treatment were sustained for 3--6 months. However, each of these studies reported inconsistencies, and there were limitations in terms of the patient's sex, as the studies were biased towards male soldiers \[[@ref32]\].

Psychosis
---------

VR therapy targeting patients with schizophrenia or other psychoses is widely used for the analysis of psychotic symptoms, neurocognitive evaluation, and assessment of activities of daily living \[[@ref10],[@ref33]\]. While there has been limited research on VR treatment, the scenarios has appreciably changed over the last few years. Freedman used VR-based cognitive therapy to treat major psychotic symptoms such as paranoia. It was reported that VR-based therapy was effective in reducing paranoia, persecutory delusions, and functional impairment in real life \[[@ref34]\]. In addition, VR social-skills training, which aimed to improve patients' social skills, increased patients' interaction during social situations in the virtual environment, thereby improving the adaptability in actual interpersonal situations \[[@ref35]\]. However, very few studies have been conducted on the therapeutic effects of VR on psychosis, and the treatment is limited to small-group settings, making it difficult to generalize the effectiveness.

Child and adolescence psychiatry
--------------------------------

VR is used in children for attention training, social skills training, cognitive rehabilitation, and education in non-clinical groups. In the field of pediatric psychiatry, research has mainly focused on attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD). In children with ADHD or attention problems, continuous performance test (CPT) has been conducted in a VR environment to evaluate and improve children's attention span \[[@ref36]\]. Virtual classroom programs are also gaining attention. These programs simulate the school setting within a virtual environment to improve the attention span, academic skills, and social adaptability in real life situations ([Figure 1](#F1){ref-type="fig"}). A meta-analysis on virtual classrooms reported that children showed more interest in participating in VR training, and results of using VR on improving attention span were akin to those observed using traditional CPT training \[[@ref37]\]. However, further research is necessary for the generalizability of the effects of VR training to real life situations. VR is also used to teach social skills to children with ASD \[[@ref38]\]. The biggest advantage of VR therapy is that it enables simulation of various social situations, in which each social element is planned and controlled by the therapist in a virtual situation. However, due to the social skill deficits of ASD, understanding of the interpersonal situations required during VR is often restricted, which limits the effectiveness of the treatment \[[@ref39],[@ref40]\]. Therefore, it is necessary to take advantage of VR's potential by creating social situations that are well designed by developmental and behavioral experts, and well understood by children with ASD. Moreover, VR is actively used for other disorders such as cerebral palsy, rehabilitation treatment for visual/auditory impairment, and pain distraction \[[@ref41]\]. For non-clinical groups, VR is widely used in smoking-prevention education in teens \[[@ref42]\] and safety education such as pedestrian safety education \[[@ref43]\], as well as in promoting positive social behaviors such as prosocial behavior \[[@ref44]\], empathy \[[@ref45]\], social compliance, and sharing \[[@ref46]\].

![Example of virtual school program for test anxiety reduction at Gangnam Severance Hospital. Program flow and screenshots from each session (Session A and B). Each session includes sub-sessions: Exam and Meditation (Med). In each of the Exam sessions, the users were exposed to an anxiety-inducing scenario. In each of the Med session, the users were guided through a mindfulness meditation practice in at-home or at-school. Heart rate variability (HRV) and subjective feelings of anxiety using the Visual Analogue Scale (VAS), immediately after each session, were also measured to examine the changes during each of the anxiety-inducing (Exam 1, Exam 2) and meditation (Med 1, Med 2) session in the program.](JKACAP-31-026-f1){#F1}

In children/adolescents, neurological development makes the VR environment appear more vivid than it does in adults. Therefore, the experience of using VR can have a stronger impact on children/adolescents \[[@ref47]\]. Despite these unique circumstances, limited research has been conducted on the relationship between VR and developmental characteristics in childhood/adolescence. Further research is needed to ensure that VR can benefit children and adolescents.

Addiction and eating disorders
------------------------------

VR therapy has been used in patients with addiction, such as those with substance use disorder (including alcohol abuse and drug misuse), pathological gambling, and IGD. When patients are exposed to cues reminiscent to addictive substances, they show conditional craving that could lead to a vicious cycle of repeated addictive behavior. In VR, these cues are not just in the form of photographs or videos, but they induce craving by providing social and environmental contexts that remind the patients of these cues \[[@ref48]\]. The use of relatively safe cue exposure therapy has been studied to improve coping with psychophysiological addictions, such as alcohol, tobacco, and cocaine, as well as with behavioral addiction, such as pathological gambling and IGD. It has been reported that VR-induced craving through cue exposure, and reduction in addictive behaviors such as nicotine dependence and IGD, have effectiveness similar to that of conventional CBT \[[@ref48]-[@ref50]\]. However, further systematic approaches and meta-analyses are necessary for analyzing each of these addiction groups.

In the case of eating disorders, VR uses visual stimuli to control craving for high-calorie foods, and to change the patient's body image \[[@ref51]\]. A meta-analysis on the treatment of bulimia nervosa and binge eating disorder showed that VR therapy resulted in changes in the individual's body image, increased motivation to change, increased self-esteem, and reduced body image disturbances, binge eating, and purging behavior \[[@ref52]\]. These therapeutic effects lasted for about a year \[[@ref53]\].

Additional clinical applications of VR
--------------------------------------

In addition to being an exposure therapy, VR is used to enhance the therapeutic outcomes, by supplementing it alongside traditional psychotherapy or counselling. Optale et al \[[@ref54], [@ref55]\]. used a psychodynamic approach in patients with erectile dysfunction by recreating their childhood in a virtual space, increasing their commitment to treatment, and maintaining the treatment effectiveness for more than 6 months. Moreover, the treatment process was accelerated and the number of patients who dropped out declined. Applications are being developed to reduce insomnia with CBT, utilizing real-time biofeedback of VR \[[@ref56]\]. In addition, research into the use of VR for neuropsychological assessment \[[@ref57]\] has been actively conducted. Furthermore, VR is being used to create vocational education and training programs that improve attention, memory, and problem-solving skills in patients with traumatic brain injury or schizophrenia \[[@ref58],[@ref59]\]. The field of VR has been extended to include general education on character, including VR training programs where students, teachers, and guardians learn how to cope with bullying \[[@ref60]\].

DISCUSSION
==========

We have reviewed previous studies on VR therapy for various mental disorders. In the face of rapid technological advances, there is an increased use of VR in psychiatry. It has enhanced the effects of traditional therapeutics, and enabled new treatment approaches that were previously impossible. As the price of VR devices reduce and the development of VR hardware in the form of wearable devices and smartphones lead to more space and physical freedom, patients can freely use VR in their own homes for a therapeutic experience and not just hospitals or treatment rooms.

However, since VR technology has been newly introduced in the medical field, there are many challenges that need to be addressed for it to become a well-established technology in the diagnosis and treatment of mental disorders. It is necessary to verify how effective, harmful, or safe VR therapy is, compared to traditional treatment. To date, VR-related clinical trials have had several limitations including a small size, lack of adequate controls, and lack of double-blind studies, which brings up the necessity to be more rigorous in methodological terms. The effectiveness of VR therapy needs to be analyzed and compared with the current gold-standard therapies for each disease. Currently, the effectiveness of VR has only been shown in some areas, such as SPs and SAD, while the evidence on other diseases are currently lacking. In addition, more evidence is necessary to the extent of similarity between human behaviors in VR to those in real life, as certain behaviors in games and VR often differ from those in reality. Based on the results of these clinical studies, it is necessary to establish parameters for VR treatment that would be optimal for functional improvement in real life, and to identify the elements required for treatment.

Currently, research is mainly focused on the merits and therapeutic effects of VR, and further studies on the anticipated side effects and safety of VR are necessary. Simulator sickness is a representative side effect of VR, induced when VR devices are used for a long period. Technology needs to be developed to reduce such side effects. Moreover, much like the addiction to Internet or the smartphone, there are concerns regarding VR addiction. Research and institutional measures on safety will be crucial for the growth of the VR industry.

It is necessary to develop a technology that allows for more natural interaction with avatars in VR. For example, avatars should be able to analyze the users' words and texts, and automatically communicate using one of the many scripts that fit the situation. Moreover, they should have natural facial expressions for more realistic interactions. In addition, further research is necessary on the accuracy of bio-signals collected from the wearable devices linked to VR. Notably, although the development of wearable devices enabled the measurement of various bio-signals, their accuracy has not yet been medically verified.

CONCLUSION
==========

Approximately 15 years ago, the first VR clinic opened in Korea. After 15 years, VR therapy was selected as a new medical technology in psychiatry in 2019. With a high smartphone penetration rate and Korea's leading position in information technology, as well as the immense scope for the improvement of VR, further development will allow VR to be used more safely and effectively in various disabilities and clinical scenarios.
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